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ABSTRACT -

Taconite tailings and thelr component asbestiform minerals 1n Lake
Superior water had po demonstrable effect on the chronic toxicity of cadmium to

the flagfish, Jordanella floridae., Maximum acceptable toxicant concentrations:

determined 1n life cycle tests, where cffects on survival, growth, reproduc—
tion, and biroconcentration were used as endpoints, were between 3.3-7,4,
3.0-6.5, and 3.4-7.3 pg cadmivm/liter at 0.004, 0.08, and 0.95 mg/liter

taconite tailings concentrations, respectively. | Simtlarly, in two tests (A and

B) exposing recently hatched fathead minnuws, Pimeohales promelas, for 45 days':

S

to several concentrations of endrin, taconite tailings had no observable cffect
on survival, erowrh and biocunccntraLion. Novobscrvablé cffcc£ concentratiohs
"(NOEC(s)) for endrin at 2.2 mg/liter taconite tatlings concentration were
between 0.30 and 0.60 rg/liter for’g;oup.é fish and 0.075 aqd 0.15 vg/liter fof
group E_fish. At 0.05 mg/liter taconite tailings concentratipn, the NOEC(s)
were between 0.30 and 0.60 pg/liter for group A fish and 0.15 and 0.30 ug/liter
for grouvp B fish. At 0.95 mg/liter taconmite tailings the NOEC(#) were between
C.IS and 0.30 wg/liter for zroup A fish and 0.30 and 60 np/liter for group B

fish.
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INTRODUCTION

'Léke Superior is the source of the exjerimental water supply at the
Environnental Research Laberatory (ERL) of the U.S. Environmental Protection
Agency located at Duluth, Minnesota. The suspended solids centent of this
watervvaries with climatological conditions. It contains diatom fragments,
organic debris, quartz particles, some c13§ minerals, and amphibole particles
“ranging fronm blocky|cleavage,frazments to asbestiform fibers. The source of
these amphibole particles ha;vbeén ttaged to the Reserve Mining Company
effluént'to’the‘lnke at Silver Bay, ﬁinnesota (Cook, et al. 1974). Thesec
materiéls are known as taconite tallings.

| The amphiboles are hydrated silicates which include the commercially
important asbestos minerals: amosite, crocidelite, anthephyllite, tremolite,
and actinolite (Cock, et al. 1974). The predominant amphibole present in the
téilings fraction of the suspended solids is cummingtenite-grunerite [(Mg,
Fe)y Si;0p9 (OH),] with smaller amounts of tremolite-actinolite and
hornblende present. Commercial amosite is an asbestiform
cummingtonite-gruncrite amphibele and is nondistinguishable by present mcthods
of identificazion from many of the asbestiform mineral fibers found in the
tallings fraction of suspended solids in the lake water.

| In general, little is known about the effects of suspended fine particles,
or, more specifically, the ashestiform amphibole minerals in the aquatic

envirenment. It 1is not known how fine particles, such as thosc present in the



tailings, influence the toxicity of a substance to fish, yet such information
is 1mporcanf in establishing meaningful water quality criteria.

Daily analysis of amphibole (taconite tailings) and suspended solids
concentrations in Duluth's water supply were bepgun in 1973 at the ERL-Duluth.
Duluth’'s water intake is located approximately 4 km up-current from the intake
of the ERL-Duluth experimental water supply and is similar in design and
placement in the lake. Intermittent comparative measurements have indicated
that the tacenite tailings content of these water supplies were similar, cven
though at times suspended solid concentrations varied considerably. The
taconite tailings concentration of the municipal water supply, measured dafly
from March 1973 to Janvary 1974, was used »s a gulde in planning this study.
The average tailings concentration during this period was 0.19 mg/liter and
ranged from 0.04 to C.8 mg/liter; the total suspended solid concentrations
avcraged 0.83 mg/licer.

The purpose of this study was to determine if the presence of the taconite
tailings in Lake Superlor water significantly alters the toxicity of an

inorganic (cadnium) and organic (endrin) compound to fish.



MATERIALS AND METHODS

EXPOSURZ SYSTEM

fge exposure apparatus for both the cadmium and endrin studies consisted
of three modified proportivnal diluters (Mount and Brungs, 1967) with
indcpendent cycling and toxicant delivery systems. Synchronizat;;n of the
three diluter delivery cycles was acﬁ;eved by wiring the diluters in,séries
th-ough the cycling micro-switches. Flows were split 4 ways with each chémber
receiving approximately 500 ml per dilﬁter'cyclg. Each dilute;vdqliverea five, 

toxicant ~concentrations and a control to duplicate 30 x 60 x 30 c¢m glass ’

spawning and offspring growth chambers nach c&?Laining 43 liters of test watar
at a depth of 23 ¢m.

.Prior to entering the spawning chambers, the water passced through a 28
30 x 9 cm glass chamber containing 6yliters Qf water which was used for embryo
incubation. The intermittent flov rate to cach chamber was 11 liters per hour
and water tempcraturcs were malntained near 25 €. ‘lempuratures 1in the test
chambers were vsuvally within 1 € of each other; mintmum and maximum datly
femperatures over the test period were 21.0 and 26.6 C.

A combination of Sylvania Gro-Lux and Dura-Test Vita Lite flourescent
lamps was the main scurce of 1llumination. The lamps were used 1n conjunction
with 1ncandescent bulbs controlled by a timer that regulated the photopcriod;
16 hours of light and 8 hours of dark, with simulated sunrise and sunsc¢r

(Drummond and Dawson, 1970).
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TEST WATER PUHYSICAL-CHFMICAL CHARACTERISTICS

Suspended Solids and Taconmite Tarlings: Cadmium Study--The preheated test
wntufynh the cadmium experiments was unfiltered lake water which 1s routinely
'usod,}n Llaboratory toxicity ctests, and filtered lake water with ncarly complete
removal of suspended solids. The unfiltered lake water (ambient) was
conft 1nually monitored and maintained at or below 3 Jackson turbidity units for
the first 62 days of the cadminm yxpurnment by using a 151,400 liter reservoir
during periods of high turbidity, Thcfcaf[nr, because of Lhe danger of the
reservorr freezing, 1ts use was diécgnfjnuad and 1instead lake water was passed
Lhrﬁugh a5 wm prefilter nnd'yas'usod in the aﬁb:enL or unfrltered test water
and unEiltered plus tatlinns Lést'waL?(vsystems. Filtration of the lake water
to remove suspended solids was accomplished by passinz 1t through a’sand filter
(grnnité)J avFrltorite 5 um bleached white cotton prefilter, with final
filtration throush a Nuclepore 0.2 um "G0O" membrane frlter.

Taconite tarlings were obtained from the Reserve Mining Company plant at
Silver Rav, Minnesota and transported to the laboratory sn 19 liter polycthy-
lene jugs and stored at ~10 €. Prior to vse, the contents of the jugs were
thoronghly mixed and then fractionsted by sedimentation for 24 hours to remove
narticles with a settling stze larger thar 2 um (Cook 1975). The resulting
suspenstons were combined and stored 1n 380 liter Nalgene holding tanks
equipped with recirculating pumps Lo keep the particles thorcughly mixed,

Tarlings from the bolding tanks were transferred by hand 1n 19 liter
pn[ywthvlena jugs as nceded to maintawn 3 tarlings supply 1n a 200 liter
recirculating fiberglass reservorr (10 €) from which a peristaltic pump metered
the tarlings 1ato head boxes feeding the appropriate diluter systems.

Three taconite tairlings Lest concentrations were maintained. These Lest

concentrations were selected to rance from less than the minimum and greater
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than the maximum concentrations previously measured in the Duluth municipal
water SUpply.

For the cadmium study, 0.2 um filtered water was delivered to onec of the
three diluters, while a2 second diluter received the unfiltered lake water for
the first 62 days and thercafter water filtered through the 5 um Filterite
filters. The third diluter system reccived water of the same quality as the
second dAiluter system plus approximately 1 mg/liter taconite tailings.

Total suspended solids and taconite tailinzs concentrations of samples
from a contrnl in each diluter system were weasured by gravimetric analysis
and x-ray diffractinn at least once a wveek using methods described by Cook
(1975). The mean + standard deviativuns and ranges of the measurements are
presented in Table 1.

Suspended Solids and Taconite Tailings: Endrin Study-~The test water used

for the endrin study was es;entially the same as that used for the cadmium
experiment with the exception that the unfiltered (ambient) water was not
treated by passing it through a 5 um prefilter as was necessary in the cadmium
exposure. F¥Flltration of the lake water was arcomplished as described for the'
cadmium experiment except a Nuclepore 0.2 um "QR” membrane filter was used in
place of the "GO” filter for the final filtration. Test water conditions were
modified for the endrin study so that 0.2 micron filtered water was delivered
to one of the three diluter systems, with the second diluter system recelving
filtered water plus approximately 1 mg/liter tailings. The third diluter
system recefved unfiltered lake water.

Measurement for total suspended solids and tailings concentrations of five
day composite samples from each diluter system were made as described for the

cadmium test and are presented in Table 2. Daily turbidity measurements were
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Table 1, Tacenite Tallings and Teta) Suspended Selids Concentrations (mg/+) in Test Water in Cadmium Study

Test Water
Unfiifered /e Tallings
Filtered (0.2 'm) Untfiitered (1 _mg/L)
Ho. of Meon Mean Mean

Choracteristic Period of Test Analysis +se? Range :_9)3 Rango :_SDa Range
Talldngs 1-62 day® 14 - - 0.0840.07  0.05-0.32  1.060.37 0.6-1.57

Concentration (TC)
Total Suspended 1-62 day 14 - - 0.78:0.28  0.51-1.37  1.76+0.42 1.0-2. 44

Solids (TSS}

) 8! :
TC 62-90 doy®© 5 - - 0.0740. 04 0.08-0, 14 0.9740.37 . 0.72-1.62
o v )

TSS 62-90 doy 5 - - 1 2.2140.95 1.41-3.47 3.,01+1,06 1.53-4,08"
TCc Total-90 day 19 0, 00440, 001 0.002-0.007  0.08+0.06 0.04-0.32 0.9540.39 0.53-1,65
TS5 Total-90 doy 19 - - 1,1740.84 n,51-3.47 1.04-4.08

t

2.09+0.83

- 9SC = =tandard deviation.

bDuring the first 62 doys the test wator wos maintaincd below 3 Jackson turbidity units,

Cafter 1h¢ 62nd doy turbidity was not controlled as stated cbove hut instead the water was filtered 10 5 um boforae use.



Tebie 2. Tacc.”

)

Talilngs, Tetal Suspended Solids Concentratiens (ug/L) and Turbldity in Tecd

Water

In Endrin Study

Tost wWolor

Fltiorod plus tailiings

Filterad (0.2 um) Unfiltered . (3 ma/L)
Mosn Mean ’ ’ Moon
Charactsristic + sp%0P Range 4 s0%0 Rango - 3+ 5p%¢ Range
Tailings 0.0249.G» 0.01-0.04 0.0540.02  0,33-0.10 0.9340.19 0.62-1.26
Concentratior (mg/1) T '
Tolal Suspendad 0.3040.25 0.06-0.38 0.72+0.48 0.33-1.59 1.4540.52 0.83-2.32
S5o1lds (TS9)
Turbldl?yd 0.2140.07 Q.13-0.35 0.6140.26  0,36-1.50 2,4740.536 1,80-3.40
25D = s1andard deviation
by =19
‘=38

dNophonotric turbldity units



also made 1n 2 chambers at each taconiie tailings conccﬂtratibﬁ Ln'Q;der'to
monitor suspended solid concentrations;‘rcsulté arevpféseﬁtgﬁ’}p Table'3, |

Problems were encountered with  the filt?ation system during the entire
testing period resulting in tailings concentrations in !hevfiltered water
approximately 5 times the mcan level for the fiLtered water for the cadmium
test (see Table 1).

Incoming lake water was passed [hrougﬁ an Aquafine Model MP-2-SI (IZOOGEH)
ultraviolet Water Sterlizer to minihizc bacterial cbntamiﬁatioﬁ’of the filters

and test chambers.

Water Chemistrv: Cadmium Test--Water chemistrTy measurements were made at
approximate 2 weex 1ntervals in at least one coatrol and one high,toxicaht
o v : o
concentrati1on 1 each diluter system. The results did not vary appreciably
N .
between svstems or between expertmgents. Dissolved oxvgen concéntrations for
the cadmium *eost ranzed from 7,7-9.2 mg/liter. The ranges for total hardness, .
total 2lkalinity and acididty were 44-51, 37-49, and 0.2-2.0 mg/liter as

CaC0y, r- spectively, The pH measurcments ranged from 7.4 to 8.2.

Wat~sr Chemistrv: Endrin Studv-- Analvsis for chemical characteristics of

the test water were made wecekly using methods recommended by the American
Public Health Association et al. (1971). The dissolved oxvgen concentrations
ranged from 7.3-8.5 mg/liter. Ranges for total hardness, total alkalinity and
acidity were 40-44, 38-42, and 1.65-4.2 mg/liter as CaC0j3, respectively. ’The
pH measurements ranged from 7.12 fo 7.94,

Cadmium Dosing ond Measurement--The cadmium stock solution consisted of

106 mg CdCly (reagent grade) and 0.1 ml voncentrated HCl per liter of

filtered (0.2 um) lake water. This stock was contained 1n a Mariotte bottle
which provided a constant ydrostatig bead delivering the toxicant to all thrce
diluter systems where the dilution ratio was adjustéd to pfoVideB control and
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five cadﬁium concentrations with a 0.5 diluter factor. Each diluter was
. equipped with a toxicant metering device (McAllister et al., 1972), providing a
ﬁeanﬁ ofyindependent ad justment of toxicant flow to the diluters.

Measurements for cadsium in test water samples were made weexly on an
algernating bnsis between duplicate tanks (Table 3). Analysis for cadmium were
conducted ﬁn 3 Perkin-Elmer Model 403 atomic absorption spectrophotometer using
“he flameless method for detection. The mean percent recovery and standard
deviation (SD) for 45 spiked cédmium water samples was 93.39 + 11.08. Analysis
of'cadmium reference standards with'known concentrations of 1.8 and 16 ng/liter
Cadmiuﬁ wcfe run ooncurrcntly'witﬁ the unknowns. Mean recovery and SD for the
’standard were 1.84 + 0.08 Qith,17.8 + 1.23 (n = 21) respectively.

| Whole fish, that survived froﬁ'tést initiation to test end (20 days), in
the controls and the nominal cadmium concentrations of 3.7 and 7.5 ug/liter
-were analyzed for cadnium using a wet digestion, atomic absorptien spectro-
photomerer metinod described by Leenard (1971). Cadmium tissuc concentrazion of
duplicate cowposite sanples of offsprings which were exposed through embryo
.development and for 30 days post hatch were alse determined.

Indrin Dosing and Measurement--A saturatioen apparatus (Velth and Comstock

1975) was utilized to maintaln a stock 5§1ucion of endrin which was delivered
to each diluter by a chemical metering device (Mount and Warner 1965). Witer
containing five concentrations of endrin with a 0.5 dilution factor and a
contro? were delivered to duplicate test tanks. Endrin concentrations in test
‘water samples were analyzed using gas chromatographic procedures for
chlorinatea pesticides (Thowmpson, 1974). Measurement of toxicant concentration
in one of each of the duplicate tanks was made each week on an altermating
basis. The mean + standard deviatien (SD) and ranges for endrin in test water
are shown in Table 4.  The mean + SD recovery of endrin from spiked control

water samples was 99.81% + 3.02 (n = 19).
9
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Table 3.

Measured Cadmium Concentraticns (ug/L) in Test Water it Three Toconite
Taillngs Concontrations

Mean Tacopite Tallings (mg/liter)

0.004 0,03 0.95
Nomina|
concentration Meoan Moon Moean
(ug/L) LSDa Range + 50° Fange + sp? Rango
n = 24 n = 24 n = 24
30,0 31.2+43.9 25,7-41.9 29.942.5 26.5-33.9 32.344,6 23,7-45.4
15,0 16.941.8 14.7-19.% 15.5+1,4 14.0-18,0 16.9+2,2 12.8-21.6
7.5 7.441,5 5.,4-11.2 6,5+1.2 4.3-9.0 7.341.3 5.1-9,5
3.7 3,240.3 2,7-3.8 3.040.2 2.5-3,9 3.440,3 2.1-4.0
1.3 2.040.3 1.95-2.7 1,640.2 1.2-2,1 1,840,2 1.4-2,5
0.0 0.0 C.0-trace 0.0 0.0~-trace 0.0 0.0-trace
{control)

35D = standard deviation
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Toble 4.

Measured Endrin Concentrations (ug/L) in Tesi Water at Threo Taconite Tailings Concentrations

Mean Teconite Tallings (mg/titer)

©
0.02 0,05 0.93
HomInal
concentiavion Number of o3, and Mean and tean and
(ug/L) Analysis + 502 Range + 50° Range + s0° Range
) -
0.60 14 0.57+0. 39 0.52-0.66 0.6040,04 0.55-0.70 0.5740,05 0.52-0,66
0,30 12-14 0,2540,012 0.23~0,28 0,28490.02 - 0.25-0.33 0,2340.03 0.20-0.30
0.15 5-7 0.1340.01 0,12~0.35 9.15_:_0.03 0.13-0.21 0.1440.02 0.11-0.16
0.075 6-7 0.07840,05 0,065~0.80 d.03219.604 0.077-0,087 0.07Q:9;608 0.003~0.088
1
0.037 8-9 0,04440.04 0.037-0.51 .0.04240,003 0.037-0.045 0.04540.002 0,042-0.051
14 0.0 0.0 0.0

0,00 (controt)

3sp = standard deviation



Endrinvtissue concenirations were determined by grinding the fish in a
blender with sufflcicnt anhydrous sodium sulfate to produce a dry powdery
,mixtufé.' This mixture was extracted 1n a Soxhlet cxtra;t;r for s1x bours with
a 50-50 écctone-n-hexane solvent mixture. The extract was cvaporated to n2ar
'dryness'chcn'diluted to 20 ml with n-hexane. Eight ml (40%Z) of the extract was
placed on a 20 g Florisil column and eluded with 15% Ethyl-cther in n-hexane.
After discérding the first 50 ml of elgant the next 200 ml was collected 1n 3
volumetric flask. This sample was analyzed, bv gas chromatography, "as 1s" or
diluted to bring the endrin congeﬁtration i;tovthe lincar range of the
‘analytical standsrd kconcentrating samples was not required). The mean +
standard deviation recovery of eﬁdrin'was 97.6% + 7.14 for endrin spiked tissuve
samplcs.v'A de. :rmination of tﬁe percent fat (lipids) was carried out on 2 ml

(10%Z) of the extract. Fat was dofined as the residuc remaining after 15 min 1n

a 130 C drying oven.

- BIOLCGICAL METHODS

Cadmium Studv--Flagfish Jordanella floridae brood stock was obtained from

 the University of Michigan and held in 0.2 um filtered water and used as a
source of vecung test fish for the following experiment.

The experiment was 1nitiated by placing 25 flagfisnh larvac up to 2 davs
old (group 1) into the spawning chambers. The next dav 20 larvae (group 2)
from the same lot were placed into the growth chambers (replicates of the
spawning chambers) of each of the three exposure systems. In the system
receiving the additional taconite tailings, growp 1 and 2 control fish were
combined after the second week of exposure and the rest of group 1 discarded.
To obtain reproduciive information, the number of fish was reduced on the 30th
and 45th day of exposure so that each chamber contained no more than 15 or 2

12



males and 5 fewmales, respectively. Additional larvace (20 per chanmber) were
placed in the vacated chambers and exposcd for 14 Jdays. For details of the
test procedure sce Spehar (1976).

The fish Qc:e fed live San Francisco brine shrimp, nauplii Atemia salina,
for the first 30 days and trozen brine shrimp supplemented with a commercial
trout food thereafter. The fish were not fed for 234 hours prier to sacrifice.

Measuremnent of the effects of cadmium on survival, growth, repreduction,
and btoconcentratiqn was uscd to detcrmine 3 maximum acceptable toxicant
concentration (MATC) (Mount and Stephan, 1967) at the three levels of taconite

tailings.

Endrin Study--Fathead minnew Pimephales promelas embryes used were

produces by 3 breed stock maintained at the University of !linnesota, Sc. Paul,
and were batcned in the filtered Lake Superior water. Twenty-five larvae, 2-3
days post-hatch (Group A}, were placed into cach chanbuer, and exnused o the
various endrin-tailings mixtures for 45 days. The next day 20 larvae (B
Group-~up to 4 days old) were placed into replicate chambers within the sawme
exposure systen and exposced for 45 days. VYeeding and care of the young fathead

rinnows was the same as reported for the flagfish.

TACONITE TAILINGS TEST

An additional 6 doy exposure starting vith flapfish larvae up te 2 days
rld was conducted- Twenty larvae were placed in cach chanber. Conditions were
similar te the previous flagfish tests, with the cxception that no cadmium was
added and higher concentrations of tacenite tailings wore tested. The threz
diluter systems previously described were modified te provide tacenite tailing

concentrations ranzing from about 0.004 mg/liter to 4 mg/liter.

13



Survival, growth, and repreduction data»weré stacisticélly énaiyied using
a ore-way analysis of variance classification. Dunnect's‘tesé for comparing
all means with a control was used with S or morc treatments. Duné%n's mﬁlttple
range tcs; was used when treatments comparecd were four orvless (Steel and
Torfic, 1960). A significance level of P=0.05 was establiéhed”for all
statistical tests. Nominal toxicant and mean tnconite tailings concentrations

will be used hereafter for discussion purposes.

14



RESULTS AND DLSCUSSION

Exposure’of flagfish to 30.0 ug/liter cadmium at the three tuconite
tailings concentrations caused high mortality within the first 30 days of
exposure and all were dead by test end'(Table 5). At the 15 pg/liter cadmium
conceﬁ:ra;ions, cffects on survivai were evident after 30 days of exposure and
only 3 few survived Lo test pnd. ’Exposure at ghis cadmium concentration caused
fish behavioral aberrations which consisted of apparent muscle spasms followed
Sy a period of uncuns;ousncss; then rdco;cry. This aberrant behavior appeared
to be iﬁi:iafcd by disturbances such as chamber cleaning and was first observed
17 days after testing began. Only one spawn uccurred at this cadmium
concentration (Table 6) and was in the 0.004 mg/liter taconite tailings
concent-atton, At 7.5 vg/liter cadminm, survival was rcduced during the
spawring perind (day 45-90) at the high tacomire tailings concentration (0.95
mg/liter). Mean egg production per female (Table 6) was reduced by exposure to
7.5 ug/iiter cadmium at the two lower taconite tailing concentrations (0.004
and 0.08 mg/liter) and the percentage hatch was lessened by exposure to 7.5
vg/liter cadmium at the high taconit? tailings concentration (0.95 mg/liter).
Survival and growth of oftspring 1n the control at the 0.95 mg/liter taconite
Lailings concentration was less than at the 1.8-7.5 ug/liter cadmium
concentrations {Table 7).

The growth measurements for parental fish were highly variable between

many duplicates and treatment levels (Table 8) and only ovne differcnce from
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Table 5., Survival of Fish (Group 2) Exposed teo Severs! Concentrations of Cadmium at Three Concentrations of
Taconite Tailings

Percentage survival Percentage survival

Percentage survival
to 30 days® trom 30th to 45th day

fram 45th to 90*h day®

b

Mean taceonite tailings (mg/L)

Nominal
cadmium
concentration Duplicate ,
(va/L) chambers 0.004 0.08 0.95 0.004 0.08 0.95 0.004 0.08 0.95
30 A 5¢ 5¢ 0 o) o1 - - - -
a o o 5 - - o - - -
15 A 50¢ 55 30 40.G(10)€  27.3°011) 33.25(6) 50.0%( 4) 0°(3) %2y
8 60° 45 30 33.3012)C  44.45(9) 50.0°(6) 50.0(4) 25.0%(4) 0°(4)
7.5 A S0 95 100¢ 100.0¢(55)  100.0(15) 93.3(15) 100.0(7) 100.0(7) 57.15(1
' B 95 50 85¢ 93.3¢15)  100.0{15) 86.7(15) 100. 0(7) .40 1.4
3.7 A 100 95 85 190.0¢15)  100.0(15) 100.0(15) 100.0(7) 83.3(6)  100.<(7)
8 95 70 75 100.0¢15) 93,3(15) 160.J( 15) 85.7(7) 88.7¢7)  100.0(7)
1.8 A 95 65 85 100.C(35)  100,0(15) 100.0(15) 85.7(1) 100,0(7)  100.0(7)
B 85 90 50 100.06(15)  10C.0(15) 100.0(15) 85,7(7) 100.0(7)  100.0(6)
0.0 A 95 90 15> 100.C(15)  100.0(15) 100.0(15) 85.7(1) 100.0(7)  100.0(7)
{contral) 8 100 75 45 100.0€15) 100, 0(15) 100,0¢15) 100.0(7) 85.7(7)  100.0(6)

.

%initially 20 tish were placed in sach chamboer.
by is in paraniheses,
Cvaan of duplicates signficantly different from control mean (Dunnetts' test, P = 0.05).

9pata doduced. Mo mortal ity occurred after comdbining group 1 and 2 fish on the 14th day of testing.
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Tabte 7. Greowth and Survival Daty of Flagtish Offcpring After 30 Days of Exposure {(Cadmium Study)

Mean total length
. and woight
Fercent survival? (mm/gm)

Hoan Taconite Tailings (mg/iiter)

Nominal
cadmium ]
concent-ation Cuplicale
{ug/ ") chambers 0.004 2,08 0,95 " 0,004 0.08 0.95
15 A g2 - - 20.2/17.5° - -
B - - - - . -
7.5 A 85 55 95¢ 24.6/36.49  19.9/14.9 . 23.7%/23.6
8 95 50 95°¢ 22.9/24,6  22.0/21.3  24.6726.3
3.7 A 90 75 85°¢ 22.3/22.8  20.1/13.6  23.3°/24.2
8 95 95 80° 22.5/22.6 22,1/18.1 23.1%/27.3
1.8 A 100 85 90 24.5/26.7 22.8/24.5 23.05/22.8
8 85 70 100° 22.4/24,0  20.4/16,0  23.3°/26.3
Control A S0 80 55 20,1/14,8  20.8/16.9  21.3/17.8
8 75 95 55 22.2/20,1 18.9/11.9  21.7/21.1

a7ven1y lorvae were placed in each chambcr shortly afeter hotch, except whore noted below.

bEIsvsn larvae were placed in this chamber,

Cican of duplicates is significanlty ditferent thar coniroi mean (Ducan's test, P = 0,05),

dDafa based on 10 fisk,

Ten others wecre removed by mistaxe before 30 days ot exposure.



Table 8. Mean Total Length (mm) and Live ‘ioight (gm) of Spawning Aduit
Flagfish at Test End (Cadintum Study)

Meon total length Mean tatal length
and weight of and welght of
females (mm/gm) males (mm/gm)

Mean Taconite Taillings (mg/liter)

Nomina!
cadmium
concentration Dupticats )
(ug/ 1) charbers 0.004 0.08 0.95 0.004 0.08 0.95
15 A 43.5/1.83 - - - -
8 29.0/0.8? - - 45.0/1,7° -
7.5 A 45,0/1.7 35.2/1.4 37.0/1.0 58.0/3.6 47.0/!.92 54.0/3.0
B 42,4/1,5 38,0/1.2 39,7/%.3 58,5/4,3 51.5/2,7% 59,0/4,3
3,7 A 41,4/1.6 42.4/1,1 42.4/1.6 56,3/3.5 57.0/3.8 54,0/3.4
t; B 43,7/1.7 39.0/1.3 42.2/1.,5% 55.0/3.8 60.5/4.5 52.5/2.8
1.8 A 43.0/1.7 44,8/1.9 41.2/1.5 57.0/3.8 57.5/4.1 55.5/3.5
B 42.7/1%.7 41.2/1.4 44.7/1.9 60.5/4.6 56,.0/2.4 55.5/3.4
Control A 41.8/1.6 42.0/1.6 39.2/1.2 58,0/4.4 56,5/3.4 56.0/3.7
B 44,0/1.8 40,0/1.4 41.0/1.6 53.6/3.0 59,0/3.7 59.0/4.0

3Thise values were not included in the statistical anzlsyes,

buaan of duplicates signiticantiy different from control (Duncan’s test, P = 0.05),



the control could be demonstrated. This was reduced weightvof males cﬁposed to
7.5 ug/liter cadmium at 0.08 mg/liter'taconite tailings. | |

The uptake of cadmium by the parental fish and offspriné at 3.7 énd 7;5
ug/liter was not demonstrably affected by taconlite tailiﬁgs concentratlion
(Table 9).

The maximum acceptable toxicantvconuéntrqtions (MATC) for cadmiuvm and
flagfish, based on the above survival, growth,vreproductive, and’bioconccnrra-
tion séca for Lake Superior watcr with 0.004, 0.08, and 0.95 mg/liter
concentrations of taconite tailinugs, Are between’3.3—7.4, 3.0-6,5, and 3.4-7.3
ug Cd/1liter, respectively. These HAT& values ;re similar to those determiﬁéd
by Spehar (1976). He found the MATC for flagfishto 1lic between 4.1 and 8.1 ug
Cd/liter under ambient ronditiors (unmcasUred)Fof suspended S;ILQS in Léke |
Superlor water. Mecan concentrations of cadmium measured In the tissues of tﬁg
paren;al fish exposed for 90 daysAat cadmium concentrations near 3.7 and 7.5 ’
ugfliter in the present study ranged from 5.6 in 8.2 and 9.2 to 12.) ng/pg of
fish tissue, respectively. Spehar (1976) found similar cadmium tissue
concentrations (means near 6 and 10 ug/g) after L0O days of exposure at 4.1 and
8.1 mg/liter cadaium. Offspringvtissue concentrations wcr; Also similar
betwecen studics.

The percentage survival of flzgfish after two wecks of testing was
‘markedly less in control chambers receiving the additional taconite tailings
(Table 10) but was not affected thereafter (Table 6). 1In two of these
chambers, where accurate cumulative counts of dead larvae were made, most
deaths occurred within the first three days of testing (2-5 days pest-hatch).
Sever3l moribund fish were vemoved from these't5nks and were examined under a
mlcfoscope and found te be infected with fuﬁgus. Gencrally fisi exposed to -
cadmium at concentratiens up tou 15 ug/liter survived in gfeater numbers’chnn in’

o o v
the disease affected controls. This iIndicates that the addition of taconite
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Table 9. Mean and Standard Deviatinn (X in Parcentheses) of Cadmium ir
Whole Body Tissue Samples (ug/g Wat Welght) for Flagfish Expesed to
Two Concentratinns of Cadmium at Three Taconite Tailings
. Concentrations. Parents were Zxposed for 90 Days,
and Offspring for 30 Days After Hatch.

Mean Tacenite Tailings (mg/ifiter)

0.004 . 0.08 0.95
Nominal , ] —
cadwium Cadmfum tissue Cadatum tlssue Cadmium tissue
concentration concentration concentratlion concentration
v in water (ug/l) (ng/a) (mgl/g) (ug/g)
Parcits
7.5 10.1 + 1.4 (3) 9.4 + 0.9 (8) 12.1 + 2.7 (5)
3.7 5.9 + 1.6 (8) 5.6 + 1.7 (8) 8.2 + 2.9 (8)
C)ontrol | 0.2 + 0.05 (4) 0.3 + 0.09 (4) 0.8 + 0.8 (4)
7.5 12.7 + 1.8 (4) 18.0 + 3.6 (4) 15.3 £ 6.1 (4)
3.7 10.0 + 1.0 (4) 13.7 + 0.5 (4) 11.8 + 3.4 (4)
Control 0.1 + 0.03 (4) 0.2 + 0.04 (4) 0.1 +0.03 (4)
21



Table 12, Surv’,al of Fish 190 13 or 14 Lays of L4 sure 1’0 Seseral Cadrium Concentrations at 3 O;rxcentrahcns of

Garsanse Yaibings

44

VAT
cacmium Cro.n 1 4ish _fyeun T diun Growr 3 10
conceniration Dudlicate Forcenia o survival Sercontase survival Parcent1azo survival
(/L) chanbor Taconite 12111055 {na/L) Yoccaite 1ailinas (mg/L) Taconile *ailings (mg/L)
0.004 0.08 0.95 0.004 0.08 0.95 0.004 0.08 0.95
30 A 42 16 0 52 20° 0 35 30° 35
8 1.8 24 8 0® 0? 5 20 25° 20
5 o A 99 88 84 30 90 60 100 95 90 -
3 52 88 84 30 80 45 90 100 170
1.5 A 96 72 84 30 95 100 75 85 L]
8 160 88 ) 84 35 S0 » 85 100 100 100
9
3.7 A 76 100 76 100 95 85 100 100 95
o B 92 88 16 - 95 70 75 - 85 90 95
1.8 A 92 88 96 95 65 85 75 85 90
B 84 60 88 35 90 50 90 95 85
0.9 A £9 68 az® 75 99 1P g0 25 157
(imrts o) 2 1 14 Ve 1/, a2 ' 77 ¥y £
- —— e -— - i
Pvvan ot cuplicates is sisnificantly gittercnt than tho zontrol ~way (Dunnetts’ fest, P o 0.05)

Prhe fish from the contrals of goup 1 and 2 were comblned with rcspucfwe duplicates and used to prnduco
growth and reproductive data.

€Twolve dead larvae were removed on the third doy of testing.

S1hirtoon doad Iarvéo wore romovod on the third day of tosting,



tailings to the water increascd the incidence of infection and cadmium exposure
reduced the incidence of infcction. A cauvsal discase organism was not
;dentified but may havc been fungus which can be a primary or secondary source
of infection. The disease is probably not due to the divect effect of taconite
tailings bécause later testing spanning the 2-5 day post-hatch life stage at
approximately 4 times the taconite tailings concentrations (Table 11) did not

elicit similar discase symptoms or zffect survival.

ENDRIN STUDY

No fish survived in groués Aor B fish at 0.60 ug/liter endrin (Tables 12
and '13). Survival was not Affdctcd.by'endrin at 0.30 ug/liter or lower
conchtratlons;

Fish growth 1in group A fish (Table 12) was reduced a[‘0.30 ug/liter endrin
yﬁnly 1n water containing the highest concentrations of taconite tailings (0,93
mg/liter)., Contrasting results were evident in group B fish (Table 13).

Growth was reduced at 0.30 pg/liter endrin concentrations in water conlaining
0.02 and 0.0S'mg/liter taconite tailings, respectivelv, but was not reduced 1n
water containing 0.93 mg/ltter taconite tailings. Growth also was reduced at
the 0.15 ug/liter endrin concentration 1n water containing 0.02 mg/liter
taconite tailings,

The uptake of endrin 1n the fathead minnow tissues, whole body (Table 14)
andvfat (Figure 2), was directly proportional to the endrin concentration in
fhe test water and was not demonstrably affected by taconite tailings
concentration.

The no observable effect toxicant concentration (NOEC) for endrin-exposec-
minnows at the 0.02 mg/liter taconite tailings concentration was betwecen 0.30
and 0.6 wg/liter for group A fish and between 0.075 and 0.15 wg/liter for
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Toble 11. Survival of Flagflsh Larvae After Six Days of Exposure teo Several
Concentratlons of Taconite Tailings

Meon measurod Turbldity Percentage
conc. (mg/L) (N.T,U. Units) survival?
Nominal
taconite tail!ng
concentration Taconite Suspended
tmg/L) tailings sollds Mean Range Mean Range
n = Zb n= 14
4.0 3.8 3,82 9.8 (5,1-6.3) 92.5% 90-9%
3.0 - ~ Ah {4, 04,0 ure, ¢ LR T
Y - - LIV a4y Y -
. 1.0 - - 1.9 (1.0-2.2) 95.0 90- 100
&
0.5 - - i {0.9-1.4) 93.7 80-100
0.25 ~ - 0.7 (0.6-0.8) 90 85-90
0.02 0.012 0.44 0.4 (0.3-0.5) 83,7 65-95
0.-004 , 0,010 0.18 0.2 (0,1-0,2) 90.0 65-100

aTwcnfy larvae woro placod In cach of 4 ropllcots chanbers at esch conconiration,

brumber of analysls,
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Table 12, Survival and Growth Data for Fathead Minnows Expesed to Several Concentrotions of Endrin’ at Threo Taconi*e Talllngs

Concentratlons fcr 45 Days (Group A).

Mean total Isngth 4 SDb

Percentage survival® (mm)

Mcan weight 4+ so® (gm)

Moon Taccnite Tallings (my/titor)

Nom [gal
end¥in
concentration Duplicezte
(ug/1) chambors 0.02 0.05 0.93 0.02 0.05 0.93 0.02 0.05 0.93
0.60 A 0° ot of ~ - - - -
o B 0© 0° 0~ - - - - -
0.30 A 92 100 92 35.542,3  36.444.2  36.742,7° .434.09 V514,22 .49+,09°
8 88 76 96 30,473.8  37,033.9 37, 133.7° 477,14 .52%.20 517, 15°
0,15 A 100 92 ] 37,1434 38,244.1  37,944,3 514,18 L604.19 .58+, 19
B 100 92 60 35,3741 36.673.2  38.734.7 447,15 .50%. 12 .587.23
0.075 A 9% 84 63 36.443,1  39.442,8  38.9+3.6 474,14 .63+,12 614,17
8 100 88 34 36.572.8  38.3%3.1  37,134.6 RYAY .56%, 19 527,20
0.038 A 100 84 84 36.643.2  38.842.7  38,543.0 .484, 12 .60+, 12 .58+, 15
B 9 92 88 36.973,0  38.173.4 - 38.473.7 .50%, 14 .567. 16 575,17
Control A % 100 72 37.543.7  37.343.7 = 39.2+4.1 .50+, 14 »514.16 .644.23
- B 100 88 . 28 36.973,1  39.0%1.8  39.133,8 475,12 .58%,17 .607, 09

3Twenty-five larvae placed in each test chamber.

l."SD = 'sfandard doviation.

Cmean of duplicates Is significantly ditforent from control mean (Cunnetts’ tost, P = 0,05).
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Survival and Growth Data for Fathead Minrows txposed to Soveral Concenfraﬂons of Endrin at Three Taconite Talllngs

Table 13.
Concentrat.ons for 45 Days (Group B).
Moon Yotal tength + spP b
Porcentzge survival? (rm} Mean woight + SD™ (gm)
Mean Tacenite Tailings (mg/liter)
Nominal
endrin
conceniratien Duplicate
twg/1) chombor s 0.02 0.05 0.93 0.u2 0.05 ©0.93 - 0.02 0.05 0,93
0.60 A of o¢ o° - - - - - -
B ¢ o° o° - - - - -
0.30 A 75 65 90 36,3+3,8° 58.845. 10 35.342.7 .444,13°  .39+,18° (434,12
B 90 75 100 30,575.2°  35,575.3° 34,9735 L467, 135 a3 437,13
0.15 A °0 90 90 36,144,655 37.644,2  31.333.7 454,17 534,19 .54+, 15
B 100 95 80 36.3+3.2°  36.2%3,5  38.772.8 .487.20° 475,13 L5711
0.075 A 100 05 100 37.643.2  38. 4_} 9 37.643.2 .514.14 -60+.19 V544,13
8 85 95 70 36,732.9  31.4%5.3  38.432.7 .48%, 12 517,15 574,12
0,038 A 95 90 75 35.643.4  39.643.2  37,5+2.9 .504.17 624,17 544,14
B 95 95 .80 37.2%2.2  39.1%3.8  35.633.3 .517.18 .607.19 .459.13
Contrei A 100 80 85 37. z_s 38.244.0  36.6+42.6 .52+.20 .584.18 .484.09
8 103 100 60 38.0%2 39.6%2,6  38.0%3.1 524,10 .657.13 617,15

aTwsn‘ty larvas placed In each tost chombor,

bsp = stardard deviation,

Ciuean of duplicates is significontly different from control mean (Dunnetts' test, P = 0.05).



Table 14,

Concentrations of Endrin In Dupticate (A and B) Composite Whole Body Tissue Samples (ug/q Wet <olght) and Percent Fat
(in Parentheses) for Fathcad Minnows Exposed to Several Concentrations of Endrin at Three Taconite Tailings Concentrations

Mean Taconite Taillings (mg/liter)

0.02

0.05

0.93

(control)

Nominal
endr in Erdrin tissuz Enc¢rin tissus Endrin tissue
concentration concontration concontration concentration
in water (ug/i) (wy/g)? Maan (5g/g1? . Moan (ng/g)? Mean
A 8 A B A 8
0.30 4,120(8.9) 3,760(8,7) 3,940 3,290(6,5) 4,130(8.8) 3,70 3,400(9.4) 3,590(8.2) 3,495
0,15 1,950(7.7) 2,245(10.2) 2,095 2,400 (6.6) 2,240(10.1) 2,320 1,950(10,6) 2,110(10.0) 2,030
0,075 1,050C(11.1)  1,100¢9.1) 1,075 1,240(11,1) 1,160(10.1) 1,200 1998(10.8) 1,110(10.6) 1,054
0,037 552(8.0) 578(10,0) 550 573(11.2) 522(11.0) 548 570(10.7) 461(8,2) 515
kj 0.00 70(9.1) 55(10.8) 61 36(°0.7) 45(11.3) 40 78(9,4) 85(1GC.3) 82

%Porcont fat in parentheses.
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Figure 1. Linecar relationship of endrin in fat of E%thead minnows exposed to
i several concentrations of endrin at threce taconite tallings
concentrations.



group B fish. At 0,05 mg/liter taconite taitlirgs concentration, the NOEC was
béLwcen 0.30 and 0.60 ug/liter for group A fish and between 0.15 and 0.30
ug/lktcf for group B fish. At the 0.95 mg/liter taconite tailings
vcuﬁccncr#tion the NOEC for endrip was between 0.1°5 and 0,30 ug/liter for group
A fish and between 0,30 and 0.60 ug/liter for group B fish. Although these
values ;re quite variable, they are similar to the folluowing results ovbtained
in previousvcndrin toxicity tests at this lnboraiory. The NOEC for fﬁthead
minnows exposed to endrin for 300 days was between 0.14 and 0.25 ug/liter
(Jarvinen and Tyo, 1978). A MATC dctcfmlnca for endrin cxposed flagfish was
between 0.22 and 0.36 vg/liter (Hermonutz, 1978),
CONCLUS ION
Thc’differcnces 1N toxicant responses mcnsufed for fish 1n these
experiments could be caused by 1pherent brological variability of the fish
aud/or experimental error. However, dhiese experiments do reflect the presence
of effect threshold concentrations unaffected by the ranpe of tacontte tailings
copcentrations maintained in these studies, It 1s concluded, under the
conditions of these erperiments, that mean tacontte tailings concentrations
ranging from 0.004 to 0.95 mg/liter had no demonstrable cffect on the chronic
toxicity of cadmium to the flagfish. Similarly, mesn raconite tailings
concentrations rangirg from 0.02 to 0.93 mg/liter had no demonstrable effect on
endrin toxicity to the fathead mimnow, Therv were also no effects of tacomite
tailings on the biocvncentration of cadmrum or endrin by the fish studied. The
vinfurmation ¢.ooned from these toxicity tests 1n regard to the direct cffects of
taconite tairitngs are inconcliustve. Therefore, 1t 1s our conclusion that
taconite tairlings at the concentrations tested did not demonstrably alter the
effect threshold concentraticns for cadmium and endrin determined by previous
,cxperieﬁce 1n this laburatory.
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